In flowering plants, hermaphroditism is ancestral and most common, but a minority of 48 (AT1G30800) and rice (Oriza sativa, MTR1), showed no significant differentiation according to 104 site-branch-specific evolutionary rate analysis against the other branches (Fig. 1b) , suggesting 105 conserved protein function. The presence of the FrBy gene was male-specific in a wide variety of 106 Actinidia species (Fig. 1c) . The expression of FrBy was specific to early developing androecia 107 (Fig. 1d-e) . Tapetum cell-specific qRT-PCR using laser capture microdissection (Supplemental 108 Figure S2 ) and in situ RNA hybridization analysis ( Fig. 1f-h and S3) (19). Differentially expressed genes (DEGs) in male and female anthers (Supplemental 113   Table S2 , Figure S4 ) were also consistent with the potential function of FrBy. We identified 538 114 DEGs (FDR < 0.1) when analyzing transcriptome data from developing anthers (as described 115 above). In those 538 DEGs, GO terms involving PCD and phosphorylation signals were highly 116 enriched (Supplemental Table S3 ). Not only PCD, but abundant phosphorylation signals are 117 indispensable for proper tapetum maturing and degradation (21-23). Furthermore, an ortholog of 118
Tapetal Development and Function 1 (TDF1) or MYB35, a key gene in tapetum maturation in 119
Arabidopsis (Zhu et al. 2008 ) and one of the two sex determinants in dioecious garden asparagus 120 (10, 24, 25), was detected as one of the male-biased DEGs in kiwifruit, although this gene 121 (Acc30672.1) was not located within the MSY (Supplementary Table S2 , Figure S5) . 122 To investigate the function of FrBy, we first used the CRISPR/Cas9 gene editing system 123 in two distantly related model plants, Arabidopsis thaliana and Nicotiana tabacum (Supplemental 124   Table S4 ). Although the Arabidopsis genome includes three paralogs of FrBy, only one, 125 AT1G30800, was in the cluster which was conserved across the Brassicaceae species (Fig. 1a) . 126 In Arabidopsis, the AT1G30800-null lines (Supplemental Figure S6) were self-sterile, with low 127 pollen germination rates (Fig. 2g ), but could successfully produce seed after being crossed to 128 control male plants (Fig. 2a-e) . The null line showed substantial delay in tapetal layer degradation(Supplemental Fig. S7 ), which is consistent with the development of female kiwifruit plants (Fig.  130 S1) (18, 19) . On the other hand, the lack of AT1G30800 had no significant effect on female 131 reproductive function (P > 0.1, Supplemental Fig. S8 ). In N. tabacum, knock-out mutation of the 132
FrBy ortholog, FAS1 (fas1) (Supplemental Figure S9 ) resulted in male sterility, with substantial 133 reduction in pollen germination rate, and was accompanied by a delay in tapetum degradation. 134 The other organs, including the gynoecium, showed no differentiation compared to the control 135 plants (Fig. 2h-o) Table S5 ). The genomic short-read sequences were generated from large DNA 156 molecules partitioned and barcoded using the Gel Bead in Emulsion (GEM) microfluidic method 157 of 10X Genomics (28). Thus, the information present in the GEM barcodes anchored to the 158 assembled contigs reflect their physical distance, in which proximal contig pairs often share the 159 same GEM barcodes. GEM barcodes were extracted from read pairs and linkage information was 160 assigned using a custom script. To construct longer scaffolds within the MSY, we first identified 161 9 scaffolds, which together spanned 1.43 Mb, and contained ca 87% of the Y-specific contigs 162 previously assembled (15) (Supplemental Table S6 ). To organize these scaffolds relative to each 163 other, we applied DelMapper (6), an approach that employed the traveling salesman problem individuals in the KE population (15) indicated that a ~800-kb region enriched in male-specific 170 sequences (putative MSY) was located at the center of this assembled super-scaffold (Fig. 3a) . 171 The putative MSY includes the two sex determinants and highly repetitive sequences, which is 172 consistent with the structure of MSY in other plants or animals (10, 31). The putative 173 pseudoautosomal region (PAR) appears to be single copy and exhibited no substantial gender-174 bias, and mostly flanked the putative MSY, although some PAR-like sequences were also located 175 inside the putative MSY (Fig. 3a) . In this super-scaffold, 145 genes were predicted using 176 AUGUSTUS (32), and 30 of these genes were fully male-specific ( Fig. 3b- information from the KE population (Akagi et al. 2018 for carpel) (15). These data support the 180 hypothesis that they are the two factors determining sexuality in kiwifruit. 181 We further corroborated the role of these two sex determinants in two ways. Breeding 182 programs have generated a few hermaphrodite accessions in hexaploid A. deliciosa (33). We 183 sequenced one of them, the KH-line (Supplementary Table S9 Hort16A. In this line, the CENTRORADIALIS (CEN) genes have been truncated by gene-editing, 196 resulting in lines that bypass the long juvenile phase (ca 3-4 years) and flower precociously (34). 197 As anticipated, the pFrBy-FrBy lines, which flowered 4 months after regeneration, were 198 hermaphroditic, exhibiting restored androecium function. These produced fruits including fertile 199 seeds after self-pollination (Fig. 4d-h 
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